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Energetic Particle Confinement in Helical Systems
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Because of the three-dimensional magnetic configuration behaviors of trapped particles in a helical ripple are
complicated and the confinement of energetic particles is one of the important issues in helical systems. This arti-
cle presents recent advances in theoretical research on the energetic particle confinement of helical systems. The
characteristics of energetic particle orbits and loss processes are briefly explained. The recent results of configu-
ration studies of energetic particle confinement in quasi-symmetric systems, quasi-isodynamic systems, and he-
liotrons are reviewed. Finally, research topics in the energetic particle confinement of helical systems are discussed.

Keywords:

helical system, energetic particle, trapped particle, advanced stellarator, quasi-symmetric system,

quasi-isodynamic system, heliotron, alpha particle confinement

1. [FUBHIC

W UAAOMRAEEE 2B W T}, BREISIZE 5
TIVT 7R T T A~ NI X 2 INER T 72 & A v
F—pFo, WFHEHERICE BT RLF— KRN
FHCEVH, 77 AINICHLADTEL LENDH 5.
BIANVE—RTFOERIE, EENEI AV —HIL R
DIFORBHIRZET LT TR, BELZEL A
WF—RTOHEBE~NOBERNRERIE, FICRKELRSY
A=V EGZDURESDHD. ZO720, BIANVFEF—H
TH CADHIZEE, BHH CADERAFRENIBVWTE
B HED—DOTH 5.

A SRR ThH B A< 2 I2BWTIE, haf ¥y
VEROBEREAFICLD, ARANFFIROR R % BT
X, B ALF—RIEERN IR BN & F
Ao, ZOMULADIIKERMEL ZR> TRy, —
T, NUBVRIZBWTIE, FRHUADBS /A
NVERICEVEYHLTWED, 75 XAvHhOERICL
LMBRBORVEERB LADT 5 A< HE 5N 575,
TEHEATAT 3 RITH & 72 1, s Btk e L BT b A
v, 0D, NI rEEREY, ARANFFIEEE
BLAREDL, NFFHLEERIERIICEBEIL, Zhs
WEZETIERIT. LaPoT, NI FNLVRIZBWTIL,
CONFFHROLOEFIOBENC L 2 EHENB L OILEE
I OBERED, BT ANVF—RTH UADOEE
Lo Tnd (EBEOMI<Z7IZBVWTS, buAfF Lz

author’s e-mail: murakami@nucleng.kyoto-u.ac.jp

725

ANMIZED P aAf FNY) y FUREIEL, IS & 5t
BED DT DR BNDE AN F— KT OB Uk 251t
XH5).

k7 3 RIS IC BT R T UAD ORI &I,
BRI C LT B IR oM AL LTHLS, LA L
B35, Fb AT, R AR R RS 5 T
WORBEBRKEEICLY (VbW LETL—EIFEINS
BMWERESAAITLIEICE D), B RLE A KR
iR L IREEDSER e CTH B, —T, BT RV ¥ —hiT
ICR LTI, ZOTANT—PREEBYLORT I ¥V ED
EBNITREVTD, FEELICI S LADOYE TR
T&ZV. 61, Fii % TIIEEO/N S WA B
&2 R 7 b sEEASBGHEEE (0 IR IR E < 7%
D, WTOF) 7 MEBSSHICHMLRb DL RS, LT
HoT, BLANF—RFOMUADLEICEL T, #
HHEREOBGE L ) D S S 2 B X 5 3 Koo %
WA DEALE E 2 2T UE % b 7.
EIAVF—RFH CAD ORI, TR IS
ELT, 1RTHRBELSED SNTE. DML,
JT4E, Boozer FERE[1] & A &G EREMRE O M) Lo 5l 5!
HEMOIER 12X ) RBEIISESR L TETWD. FR4
BN 2 PSR S, AN A VRSB AR TH06E
WCHET 2B REMI LN, SRS OFEEZIGH
L, ELOFENEZZZEN, wbWwd [~ F
VELHL] & Ehid MHD /#ril Juiiss - i\ AoV ¥ —Hi

J. Plasma Fusion Res. Vol.80, No.9 (2004) 725-731



Journal of Plasma and Fusion Research Vol.80, No.9 September 2004

TBCAD 2803 U7z e~ A OV REE 0% - 51l
D SN TWAS, [, THhSHFLWEMDS, N 7h
NEBESEIC BT 2B AV E— R UADORES
fRRCcELb0L LTRSS, fe 2B imIRisEos e
LNTW5b

KFFTIE, NV ANVRICBIL2EIAVF—RTHL
AD DA DHERIZDWT, FFICHERN 2 MW 2 5~
5. HE2ETIE, N ANVRIZBI BHTHEORME X
ORE T OBLERISBRIBIC OV TS, £3ETIE, MU
AOEEAANT 22 BERPFEOBURIZ O W T, EXIFREAL,
AR B L OANY F b o VRAICEL TR 5b, 6§
4ETIE, NYANVRIZBIAEIAVE—RTHURAD
WKHTAT LD ELSBOBEIIOVTERRS., B, 22
TN AV OOV TR WA, &
NIZOWBTIEIBELE[2-4]10°H 5 D THI I N2,

2. BIXIFX—HNFEHALCADOHE
2.1 KU7 MRIFELE

AN IOV RS EAL OFFRIE, 3 RITH RS ELAL TH
5tw5:tf%5 WFOH RSB R, Wi, (3
ERIRBIZB->TRY 7 FEH L, m%®ﬁﬁktf
b= 7xﬁ_;abu47W% Nz <Ay A ag
WIZEBANYINVE=FRANYANV) Yy TV ZEK LS. b
HLAHA, EBO N7 IIBVTHHEREO ~af ¥ a
ANDED AL TV Y TIVBFET HD, N ANVFR
DOYEE, Ty TIVHHIRA T LIADITB W TAY
By kE 2 R0, 720y FIVES % 3 RITICE LS
BHTEILY, BB THEOWELITH ZENT
EBLEWVW)EIRT, PAISTIDZENEFIRELELD (F
a5 —af VA ANVEETIE, Mx s LR
BBk a A V) v NI E B Y v VRO R E) A §
%).

Fig. 1%, #IHUSIH - 723 HE o Wmé?bt§®
f%%.hU4&w% NIZX A KELBLEHO LI

Uﬁw077WK;é¢é&£ﬁ#E%hé.pmloa
W CTHE T 2R 11, KRELFITEERD 3 DDOFHHIC
SEENSD.

1) @K T

i)~ A VAR

i) ZERRT

1OHE, MR 2 HE v ([ZHAPAT 23 o) A
FaREL, WA T —RICE DR EE R v aEn
BT CTd 5 (Fig 2(a) . BT I2B VT, FRICHES 0555
WG R, EHOFH (Ra A4 F bR %)
ML, WHARKEY 7 M2 EEZZITII Wiz
WTPEOWATE 2S5O TIUI/NE W, LedisT, 0
M LAD IO TRIFTH 5.

2 DOHIE, v TRy NS, AN AV v T
WCHR ST Y ZEHTEAY B VIR T TH 5
(Fig.2(b)). ~NY ANVRIZBWTIL, N Y ZEEjO /N F
FIRIZIE NS <, BLADIZBWTREZMEE 3%
LWV, ANJANVRIZBWTRKOMEE 201X, ~\Y

726

4

magnetic field strength [T}
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Plot of the mganetic field strength along a magneticfield line
in a helical system.

Fig.2 Poloidal projection of the typical particle orbits for three
kinds of particle motions in the Boozer coordinates; a)
passing particle, b) helically trapped particle, c¢) transition
particle and d) helically trapped particle (energetic particle).
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Fig. 3 Diffusion coefficients of CHS, LHD and CHS-ga configura-
tions normalized to the neoclassical plateau value at a half
of the minor radius as a function of collisionality [10].
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and r/a=0.5 (open square). The dashed lines indicate the
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averaged beta values of 0.0% (left) and 4.9% (right)[19].
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Fig. 7 Typical orbit of a helically trapped @-particle in the three
configurations of reactor sized LHD based on the standard
heliotron (left), the o-optimized (center) and the neoclas-
sical transport optimized (right) configurations [24].
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Fig. 8 a-particle losses as a function of time in the three configura-
tions of reactor sized LHD based on the standard heliotron:
Rax =3.75m (SH), the 0-optimized: Rax = 3.6 m (SO) and the
neoclassical transport optimized: Rax = 3.53 m (NTO) con-
figurations[24].
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Commentary
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DRI & % B UADFHE OIEHT AR B IH D S Tw
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K E L DLDIIH-Y, BiEFHEZERT O LHD
EBRTNV—TBIOHGH N — T DA L O#ne %
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DFHEZEL DT W72 E&F L2, ZoBEBIEY
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